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Introduction
Excessive rainfall resulted in flooding on numerous rivers throughout the southern Midwestern United States (hereafter referred to as the southern Midwest) in late April and early May of 2017 ( fig. 1 ). Tropical moisture lifted over a stalled frontal system and caused heavy rains from Texas to Ohio between April 28 and May 10 resulting in extensive flooding from eastern Oklahoma to southern Indiana including parts of Missouri, Arkansas, and Illinois. The flooding resulted in 12 deaths, 7 in Arkansas and 5 in Missouri (Cable News Network, 2017 [FEMA, 2017a] ) were declared Federal disaster areas. In Missouri alone, the flooding resulted in destruction or damage to more than 1,200 homes and caused at least $58 million in damage to roads, bridges, and other public infrastructure (Office of Missouri Governor, 2017) .
The purpose of this report is to document the flood peaks (stage and streamflow) of selected U.S. Geological Survey (USGS) streamgages within the southern Midwest that were affected by the April-May 2017 floods, placing them in hydrologic context at these selected locations in relation to timing, rank, flood frequency, temporal trends, and historical flooding. The flood peak data are reported for 59 USGS selected streamgages in the southern Midwest including parts of Arkansas, Illinois, Indiana, Missouri, and Oklahoma having more than 25 years of peak streamflow record and, generally having 2017 peak streamflows that were ranked in the top 3 of the annual peaks of record. Flood frequency characteristics for selected stations are provided through the determination of the annual exceedance probabilities (AEPs) of the 2017 flood peaks for the selected stations. The AEP is the probability, or chance, of a flood of a given streamflow magnitude being equaled or exceeded in any given year. Documenting the flood peaks and AEPs will help put the 2017 floods in historical context aiding public and private entities in flood preparedness, protection, and control. The determination of trends in annual streamflow peaks will provide insight into potential changes in the nature of flooding with time and help further inform agencies involved with flood mitigation efforts. on the "big" river (Missouri, Mississippi, Ohio) stations in the study area during the April-May flooding generally were not ranked in the top 5 at any station. Streamflow peaks of record occurred at 21 of the 59 streamgaging stations during the April-May 2017 flooding included in this report ( fig. 2 , table 1), which is noteworthy given the multi-State spatial distribution of the record peaks and that the average record length of the 59 streamgages was 67 years.
Antecedent Streamflow and Weather Conditions for the 2017 Southern Midwest Flooding
Much of the area in the southern Midwest that was affected by flooding in April-May 2017 began the year with streamflows in the normal (25 to 75 percentile) to below normal (less than 25 percentile) ranges (USGS, 2017b; fig. 3A) , and only the streamflows in the Illinois section of the study area primarily were above normal (greater than 75 percentile). By February, most of the study area had below normal streamflows except some higher than normal streamflows in southwestern Arkansas ( fig. 3B ). All stations indicated below normal to normal conditions in March with near record lows occurring at several stations in southeast Oklahoma and southwest Arkansas ( fig. 3C ). These predominantly normal to below normal streamflow conditions persisted through midApril ( fig. 3D ) before the start of heavy rains in the study area on April 28.
Because streamflow is primarily reflective of precipitation conditions, it follows that precipitation for January and February 2017 also was average to below normal for much of the study area [National Oceanic and Atmospheric Administration (NOAA), National Centers for Environmental Information, 2017b; fig. 4 ]. March totals were normal for much of the area with above normal total precipitation in parts of southern Missouri and northern Arkansas. Early to mid-April precipitation also was slightly below normal for Springfield, Mo., and other than a substantial precipitation event during April 4-5, 2017, recorded at Saint Louis, Mo., the remainder of April was fairly dry over the study area until the last week of the month.
Flood Chronology
A rainfall pattern that led to excessive precipitation falling over much of the southern Midwest began as a surface low pressure center in the four corners region of the western United States on April 27, 2017, that slowly moved southeast over the next 24 hours. On Friday afternoon, April 28, a stationary front that extended from southeast Missouri across west-central Arkansas into south-central Oklahoma began moving north as a warm front. As an upper level system moved out of the southern Rockies, tropical moisture from the Gulf of Mexico began to get pulled northward up and over the stationary front. At the upper levels of the atmosphere, the 500 millibar low pressure was centered over Arizona and had become cutoff from the main flow as it drifted slowly eastward ( fig. 5 ; National Centers for Environmental Prediction, 2017). The result was a convergence of the two fronts producing thunderstorms that trained over the same areas yielding abundant precipitation for the next 24 to 36 hours ( fig. 6) .
A series of surface lows that moved northeast along the front brought waves of showers and thunderstorms and resulted in continuous heavy rainfall across the study area during the day on Saturday, April 29. Interestingly, this upper level atmospheric pattern was very similar to the upper level pattern that developed during the last historic flooding of December 2015 through January 2016 (Holmes and others, 2016) , which also affected much of the same study area. As the warm front continued to move north on Sunday, April 30, the cold front swept in behind it from the west bringing an end to the rainfall (National Weather Service, 2017b). The heaviest rainfall amounts during April 28-30 occurred over extreme northeast Oklahoma and northern Arkansas, across the southern half of Missouri, southern Illinois, and southern Indiana, and included totals of 6 to 10 inches (in.) with some isolated higher amounts (figs. 7, 8) . Largely as a result of the April 28-30 rainfall totals, April 2017 was the second wettest April on record in Missouri (123 years of record), the third wettest in Oklahoma, the eighth wettest in Arkansas, and the fifth wettest in Illinois (National Centers for Environmental Information, 2017b). The runoff response from the intense precipitation, as indicated by the streamflow hydrographs, varied in magnitude and temporal distribution ( fig. 8 ). Flood peaks during the event occurred between April 29 and May 10, 2017, with the timing of the peaks primarily determined by the temporal distribution of precipitation and the size of the drainage area upstream from the streamgage. Stations with peaks occurring on April 29 had drainage areas less than 825 mi 2 , whereas those stations with the later peaks (White River at Georgetown, Arkansas, May 8, 2017; White River at DeValls Bluff, Arkansas, May 10, 2017) were large basins (greater than 22,000 mi 2 ). Peak streamflows at streamgages along the White River also were affected by regulation, which could contribute to the later peaks. The effects of man-made regulation and the large drainage area are reflected in the hydrograph for the White River at Georgetown, Ark. (station number (no.) 07076750), because the peak was 8 days later than most streamgages in the study area ( fig. 8, table 1 ). The streamflow peak at the Cache River near Cotton Plant, Ark. (station no. 07077555), similarly was lagged compared to other streamgages ( fig. 8, table 1 ). The flood peaks at this streamgage were lagged and extended by a combination of the low gradient (less than 1 foot per mile [ft/mi]) and extensive storage capacity in the wide flood plain containing numerous wetlands. The April 27 to May 10 chronology and spatial progression in streamflow conditions relative to the long-term distribution of daily streamflows indicates the effects of the heavy precipitation throughout the study area (film 1). At the time of this report, the peak streamflows in water year 2017 (from October 1, 2016, to September 30, 2017) are provisional data subject to revision.
3 Rank of the maximum instantaneous peak streamflow compared to all systematic and historical annual peaks. A rank of 1 indicates that the April-May 2017 peak streamflow was higher than all other recorded annual peak values.
4
Stage obtained at different location or datum from current streamgage.
5
Maximum stage known, 27.7 feet, July 29, 1909, from floodmark.
6
Month or day of occurrence is unknown or not exact. 
Magnitude of April-May 2017 Flooding
Peak-of-record streamflows were set at 21 USGS streamgages in the southern Midwest during the resulting April-May 2017 flooding (table 1) . Each of the five States included in the study area had at least one streamgage with a peak of record during the flood. In Missouri, the previous peaks of record (for stage) at two rivers (Jacks Fork, Current River) had stood since 1904 and included 96 to 106 annual peaks. The peak stage of the April-May 2017 flood at the Current River at Van Buren, Mo. (station no. 07067000), exceeded the previous maximum stage by 8.4 ft (table 1). Most remaining streamgages included in the study had peak streamflows during the event that ranked in the top three peaks of record. Additional USGS streamgages within the study area, but on the perimeter of the storm track, had peaks that ranked as low as the top 10-15 (table 1) Flooding is easily summarized numerically as a peak stage or streamflow value, but these numbers alone fail to convey the physical consequences of such high flows on structures and the lives of those affected. Aerial videos that were collected within 24 hours of the flood peaks at several locations (table 2, fig. 2 ) document the consequences of the floods (films 2-7). These videos were collected at locations within the greater than 10 in. precipitation areas shown in figure 7, and that also were near USGS streamgage locations with peaks of record during the flood including North Fork River 
April-May 2017 Flooding-Comparison with Historic Floods
Placing the magnitude of a flood into context is desirable for comparison with previous floods. Ranking the observed 2017 peak streamflows at USGS streamgages against previous streamflow peaks of record indicates the relative magnitude of the 2017 floods (table 1, fig. 9 ). The benchmark for major flooding on many of the major tributaries in the study area includes the 1982 (Sauer and Fulford, 1983 ), 1993 (Parret and others, 1993 , and December-January 2015-16 floods (Holmes and others, 2016) 
April-May 2017 Flooding-Annual Exceedance Probability
In the past, flood-frequency estimates have been presented in terms of the recurrence interval, which represents the average number of years between occurrences of a streamflow of equal or greater magnitude. This term, however, often results in a misunderstanding that a 100-year flood, once it has occurred, will not occur again for another 99 years, which is not necessarily true. A 100-year flood means that, if all things remain the same in the basin (for example, land use and climate conditions), the observed annual floods during thousands of years would average around 100 years between events of this magnitude. The term annual exceedance probability (AEP) is now more commonly used to refer to floodfrequency estimates because it more clearly conveys that the flood-frequency estimates are probabilistic in nature. The AEP is the probability that the streamflow of a certain magnitude will be equaled or exceeded in any year and is the reciprocal of the recurrence interval. A 0.01 AEP streamflow, for example, has a 1-percent chance of occurring in any year and is equivalent to a 100-year flood streamflow.
The current (2017) standard methodology for the determination of flood-frequency studies is Bulletin 17C (England and others, 2017) of the Advisory Committee on Water Information. Similar to the Bulletin 17B method (Interagency Advisory Committee on Water Data, 1982), the Bulletin 17C method fits a log-Pearson Type III distribution curve to the logarithms of annual peak discharges at a given station using the method-of-moments to compute a mean, standard deviation, and station skew of the log-transformed peak flow data. The user has the option to weigh the individual station skew estimate with a generalized/regional skew estimate, which typically improves the accuracy because skews tend to follow regional trends. Modifications incorporated into the Bulletin 17C method include the adoption of a generalized methodof-moments estimator, known as the expected moments algorithm (EMA) procedure (Cohn and others, 1997) , and a generalized version of the Grubbs-Beck test for low outliers (Cohn and others, 2013) . The EMA is an updated method for fitting the log-Pearson Type III frequency distribution that is a more effective means of incorporating historical peak streamflow information into a flood-frequency analysis. The USGS computer program PEAKFQ (version 7.1; Flynn and others, 2006) was used to compute the floodfrequency estimates for the 59 stations in this study. The annual peak streamflow data used in the analyses were obtained from U.S. Geological Survey (2017a). The program automates many of the flood-frequency analyses procedures, including identifying and adjusting for high and low outliers and historical periods and fitting the log-Pearson Type III distribution to the streamflow data. The program includes the EMA procedure for flood-frequency analysis and multiple Grubbs-Beck outlier screening (Veilleux and others, 2013) . The PEAKFQ program and associated documentation are available at https://water.usgs.gov/software/peakfq.html.
In addition to estimating the at-site AEP flood quantiles by Bulletin 17C methods, another way to obtain an AEP flood quantile estimate is by using regional regression equations (RREs). The RREs are developed using regression techniques that relate the peak flood-probability data at many streamgages in a particular region to the basin characteristics upstream from the streamgages (Jennings and others, 1994) . The RREs allow a user to estimate the various AEP flood quantiles for any location along a stream (gaged or ungaged) by entering the specified basin characteristics (for example, drainage area or average precipitation) used as independent variables in the equation. Rural regression estimates for the 59 streamgages in this study were obtained from the corresponding RRE estimates developed for each state in the study area including Arkansas (Wagner and others, 2016) , Illinois (Soong and others, 2004) , Missouri (Southard, 2010; Southard and Veilleux, 2014), and Oklahoma (Lewis, 2010) . The single streamgage in Indiana (Big Creek near Wadesville, Indiana) is within 10 mi of the Illinois border, so the Illinois RRE equations were used to obtain the RRE estimates for this station. The optimal estimate of the AEP flood quantile for a gaged site is determined by weighting the at-site AEP flood quantile estimate determined from the Bulletin 17C methods with the AEP flood quantile estimate determined from the RRE as described in (Soong and others, 2004; Southard, 2010; Southard and Veilleux, 2014; and Wagner and others, 2016) .
The AEP estimates for the April-May 2017 flood peak streamflows indicate that peaks at 5 USGS streamgages had an AEP of 0.2 percent or less, and peak streamflows at 15 USGS streamgages had an AEP in the range from greater than 0.2 to 1 percent (table 3, fig. 10 ). The weighted estimates of the AEP flood quantiles corresponding to the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent AEPs, along with their respective 95-percent confidence limits, for the selected 59 streams in the southern Midwest included in this study, also were computed (table 3) .
Temporal Changes in Annual Peak Streamflows
Temporal changes in annual peak streamflows are important to investigate because they may indicate to emergency and infrastructure managers there are corresponding changes in the levels of risk to public safety. Temporal changes in streamflow can be the result of changes to such factors as land use and land cover, climate, or regulation. The annual peak streamflow time series data were analyzed for selected streamgages in the southern Midwest to determine the presence and subsequent magnitude of changes through time at each site.
The temporal changes in streamflow magnitudes were computed based on the Sen's slope estimator (Sen, 1968) using the MAKESENS application from the Finnish Meteorological Institute (Salmi and others, 2002) . The Sen's slope, also known as the Kendall-Theil robust line, is a nonparametric estimate of trend magnitude slope for a univariate time series when the time interval is constant (equally spaced).
where
is the increasing or decreasing function of time for the trend magnitudes of the streamflows used in the investigation, Mq is the Sen's slope estimate, t is time, and B is a constant.
The Sen's slope is the median slope of all pairwise comparisons with each pairwise difference divided by the number of years separating the records. To determine the Sen's slope estimate in equation 2, the slopes of all data pairs are calculated:
where M j,k is the slope between data points X j and X k ; X j is the data measurement at time j; X k is the data measurement at time k; Δt j,k is the change in time between observations; and n is the number of years of record.
The Sen's slope estimate, M q , is equal to the median value of all the M j,k values.
Streamgages with missing record periods exceeding 5 percent of the total record were not used in the analyses of temporal changes in annual streamflow peaks nor were streamgages on regulated rivers. Of the 59 streamgages included in the study, 49 were used in the analyses of temporal changes in annual peak streamflows. The start dates of documented peak streamflows and record periods for the 49 stations differed; therefore, four temporal analysis periods (1930-2017, 1956-2017, 1975-2017, and 1989-2017) were selected to maintain consistency in streamflow record start dates, have overlap of record analysis periods, and maximize the number of stations and the period of record that could be included in the analyses. For comparison of streamgages with differing basin sizes, the Sen's slope for each streamgage was divided by the median annual peak streamflow value to determine the percentage of change with respect to the median annual peak streamflow at each streamgage.
Examination of the magnitude of the temporal changes (scaled by median annual peak flood streamflow) in median annual peak streamflows from 1930-2017 indicates all but 1 of the 20 stations included had a systematic positive increase in peak streamflows of less than 2 percent per year ( fig. 11A ). The remaining station, Shoal Creek above Joplin, Mo. (station no. 07187000, map ID 53), had a negative change of -0.12 percent per year during the analysis period. Similarly, the temporal change in peak streamflows at most of the 34 stations included in the 1956-2017 analysis period had median positive increases in annual peak flows of less than 2 percent ( fig. 11B ). Two stations (Jacks Fork at Eminence, Mo., station no. 07066000, map ID 41; Current River at Van Buren, Mo., station no. 07067000, map ID 42), had no change and one station had a median decrease in annual peak streamflows of -0.12 percent per year over the 61-year period (Cadron Creek near Guy, Ark., station no. 07261000, map ID 58). Analyses of the 1975-2017 and 1989-2017 A primary driver of change in peak streamflows is precipitation. Similar to streamflow peaks, the annual precipitation within the flood study area was analyzed by climate division (NOAA, National Centers for Environmental Information, 2017c) using the Sen's slope methodology. Changes in annual precipitation were analyzed for the same periods as peak streamflow except the analysis periods for precipitation ended in 2016. Similar to changes in annual peak streamflows, median changes in annual precipitation for the 1930-2016 and 1956-2016 periods generally were small (less than 2 percent) and positive ( fig. 12 ). Changes in annual precipitation, however, provided little explanation for the substantial increase in magnitude of streamflow peaks because, for example, nearly one-half of the climate divisions in the 1989-2016 analysis period indicated no change or a negative change in precipitation per year, whereas this was the period of the greatest magnitude in positive changes in streamflow peaks in the study area. The increase in the frequency of larger magnitude rain events with time may be a better explanatory variable for the greater positive changes in annual peak streamflows. The frequency of daily precipitation events of greater than 2 or 3 in. generally increased from 1985 to 2014 in each state in the study area ( fig. 13) . The degree to which land use changes may have contributed to the positive changes in peak streamflows was undetermined. Table 3 . Estimated annual exceedance probability of the 2017 flood peaks and weighted peak streamflow estimates for selected flood quantiles at 59 U.S. Geological Survey streamgages included in this study.
[ID, identifier; USGS, U.S. Geological Survey; AEP, annual exceedance probability; ft, foot; ft 3 /s, cubic foot per second; %, percent; --, not calculated; stations with peak of record during April-May 2017 flood are shown with rank value of "1" in bold] Table 3 . Estimated annual exceedance probability of the 2017 flood peaks and weighted peak streamflow estimates for selected flood quantiles at 59 U.S. Geological Survey streamgages included in this study. 1 66.7% confidence intervals for observed AEP are determined nonparametrically. In some instances, the nonparametric results place bounds outside the estimate, making these confidence intervals nonsensical. 2 95% confidence limits or 90% confidence intervals (both imply 5% tails).
3 Streamflow affected to unknown degree by regulation or diversion. 4 Streamflow affected by urbanization.
5 Streamflow affected by regulation or diversion. Flood frequency analysis was conducted using only regulated period of record and at-site estimates of peak streamflows without weighting with rural regression equation estimates. 6 Site is a spring. Expected peak streamflows were determined using only at-site estimates of peak streamflows without weighting with rural regression equation estimates. Table 3 . Estimated annual exceedance probability of the 2017 flood peaks and weighted peak streamflow estimates for selected flood quantiles at 59 U.S. Geological Survey streamgages included in this study. Table 3 . Estimated annual exceedance probability of the 2017 flood peaks and weighted peak streamflow estimates for selected flood quantiles at 59 U.S. Geological Survey streamgages included in this study.-Continued Figure 10 . Spatial distribution of the magnitude of annual exceedance probabilities of peak streamflows at 59 U.S. Geological Survey streamgages for the April-May 2017 flood. , 1930-2016; B, 1956-2016; C, 1975-2016; and D, 1989-2016 . 
Summary
Excessive rainfall resulted in flooding on numerous rivers throughout the southern Midwestern United States in late April and early May of 2017. Tropical moisture lifted over a stalled frontal system caused heavy rains from Texas to Ohio between April 28 and May 10, resulting in extensive flooding from eastern Oklahoma to southern Indiana including parts of Missouri, Arkansas, and Illinois. The heaviest rainfall amounts during April 28-30 occurred over extreme northeast Oklahoma and northern Arkansas, across the southern half of Missouri, southern Illinois, and southern Indiana, and included totals of 6 to 10 inches with some isolated higher amounts.
Peak-of-record streamflows were set at 21 U.S. Geological Survey streamgages in the southern Midwest during the resulting April May 2017 flooding. Each of the five states included in the study area had at least one streamgage with a peak of record during the flood. The annual exceedance probability (AEP) estimates for the April May 2017 flood peak streamflows indicate that peaks at 5 USGS streamgages had an AEP of 0.2 percent or less, and peak streamflows at 15 USGS streamgages had an AEP in the range from greater than 0.2 to 1 percent.
Examination of the magnitude of the temporal changes in median annual peak streamflows indicated positive increases, in general, throughout the study area for each of the 1930-2017, 1956-2017, 1975-2017, and 1989-2017 A primary driver of change in peak streamflows is precipitation, but the changes in annual precipitation provided little explanation for the substantial increase in the magnitude of streamflow peaks in the 1989-2017 analysis period. The increase in the magnitude of the positive changes in annual peak streamflows during this period likely is better explained by a change in the frequency of larger magnitude rain events (greater than 2 or 3 inches) with time.
probability distribution Describes the range of possible values that a random variable can attain and the probability that the value of the random variable is within any subset of that range.
recurrence interval The average interval of time within which the given flood is expected to be equaled or exceeded once.
regional regression equation (RRE) Equation developed through use of regression techniques that relate the flood-probability data at many streamgages in a region to the basin characteristics of the streams monitored by the streamgages. For any location along a stream, a user can enter the basin characteristics (drainage area, basin slope, and so forth) as independent variables into the equations and compute various flow characteristics (for example, 1-percent AEP flood quantile, 2-percent AEP flood quantile, and annual mean streamflow).
Sen's slope estimate A nonparametric estimate of trend based on the median slope of data pairs in a time series.
stage Height of a water surface above an established datum, also known as gage height. stationary front A front between warm and cold air masses that is moving very slowly or not at all.
streamflow The discharge that occurs in a natural channel. Although the term discharge can be applied to flow in a canal, the word streamflow uniquely describes the discharge in a surface stream course. The units of measurement often are reported in cubic feet per second (ft 3 /s).
streamgage A particular site on a stream where a record of streamflow is obtained. 
